The aim of this study was to examine whether additional repeated counselling further improves the health effects of limited, highly individualized lifestyle guidance in metabolic syndrome. One hundred and nine previously untreated metabolic syndrome patients received highly standardized and individualized lifestyle guidance for weight loss. A tentative goal of 5% weight reduction over the course of 2 months was set. Patients were then randomly assigned to either the multiple guidance group who received further counselling every 2 months (n¼52) or the single guidance group who received no further guidance until the final assessment 6 months later (n¼57). Baseline data between the multiple guidance and single guidance groups were similar. Body weight and waist circumference were significantly reduced, and liver function, lipid profiles and glucose metabolism were significantly improved in both groups. After adjustment for baseline data, the multiple guidance group showed considerably higher reduction in waist circumference and fasting blood sugar concentration than the single guidance group. These data suggest that additional counselling further improved the antidiabetic effects of limited individualized lifestyle guidance in metabolic syndrome.
INTRODUCTION
The high prevalence of metabolic syndrome is now a very serious health concern in many countries, including Japan. 1 This national increase in the incidence of obesity is of great concern, because it will result in higher morbidity and mortality rates due to atherosclerotic cardiovascular diseases; consequently, an increase in health care costs is inevitable. A public preventive strategy is essential to reduce the morbidity of metabolic syndrome.
A recent Japanese governmental survey showed that 23% of men and 8.9% of women aged between 20 and 74 years have been diagnosed with metabolic syndrome (http://www.mhlw.go.jp/houdou/ 2006/05/h0508-1a.html). In 2008, the Japanese government started a new health care strategy that targeted early diagnosis of metabolic syndrome and intervention. In Japan, a single session of lifestyle guidance associated with an individual's annual health check-up has been routinely offered. However, this single guidance approach has not yielded good results, as indicated by the increasing incidence of obesity. The insufficient efficacy of the traditional single guidance approach may be due to its general and non-standardized manner.
In the new health care system, people diagnosed with metabolic syndrome first receive standardized and individualized lifestyle guidance, which may improve the efficacy compared with traditional guidance. Furthermore, they receive additional repeated counselling over a 6-month period. Previous studies confirmed that intensive, individualized lifestyle guidance reduces the risk of diabetes (DM) more than the general guidance in obese subjects. [2] [3] [4] In most of those studies, however, guidance was qualitatively and quantitatively different between the intensive lifestyle guidance group and general guidance group. It remains unclear, therefore, if additional counselling further improves the efficacy of single individualized lifestyle guidance. To address this, in patients with metabolic syndrome, we compared the health effects between a group who received single individualized lifestyle guidance and a group who received additional repeated counselling. 5 
METHODS Subjects
We studied 109 previously untreated patients with the metabolic syndrome. We recruited patients who underwent annual health check-ups or those who were referred from outpatient clinics for further examination of hypertension, DM or dyslipidemia. The recruitment advertisement was announced in a health promotion lecture for the general population and in health-promoting magazines.
Diagnosis of metabolic syndrome in men is based on the new Japanese criteria that includes a waist circumference of 485 cm with at least two of the following three cardiovascular risk factors: high blood pressure (systolic blood pressure X130 mm Hg or diastolic blood pressure X85 mm Hg), hyperglycemia (fasting blood sugar X110 mg dl À1 ) or dyslipidemia (triglyceride X150 mg dl À1 or high-density lipoprotein o40 mg dl À1 ). 6 Although the female diagnostic cutoff value for waist circumference was set at 90 cm in the new Japanese criteria, we used 80 cm in this study because recent studies have shown that the most suitable cutoff level exists at around 80 cm. 7, 8 This is consistent with the Asian criteria. 1 Exclusion criteria included: severe obesity (body mass index X35 kg m À2 ); uncontrolled DM (fasting blood glucose X160 mg dl À1 or HbA1c X8.0%); renal failure (plasma creatinine concentration X1.5 mg dl À1 ); previous history of cardiovascular diseases, cancer or other serious diseases. This study was conducted in nine Preventive Medical Centers of the Rosai Hospital Groups.
The subjects visited each center after fasting overnight. Each subject was given a detailed questionnaire about their work, degree of physical activity in daily life, past and present illnesses, present medications, beverages, dietary, exercise habits, and stress at work and home. After anthropometric measurements, blood samples were collected from the antecubital vein for the determination of glucose and lipid profiles, uric acid concentration, and renal and liver functions. Blood pressure was measured with a standard mercury sphygmomanometer (MURANAKA, Osaka, Japan) with subjects in the sitting position after a rest of at least 5 min. The mean of the two measurements was used for the analysis. Arterial stiffness was assessed by brachial-ankle pulse wave velocity (baPWV) with subjects in a supine position and was measured with an established device (Form PWV/ABI, Colin Corporation, Tokyo, Japan). Validity, reliability and clinical use of baPWV by this machine have been reported elsewhere. 9, 10 
Intervention program
The main objective of this study was to examine if additional counselling further improves the efficacy of single lifestyle guidance with specific individual tailoring. So, all subjects received highly standardized and individualized lifestyle guidance for weight loss before randomization. First of all, a physician explained the pathophysiology of metabolic syndrome, the risk of future cardiovascular events due to this condition, the rationale for prescribing weight loss, and its importance in the maintenance of each subject's health. Obviously, each subject must be strongly motivated to participate in a weight reduction program in order to increase the chances of program success. As metabolic syndrome status is produced by chronic positive energy balance, subjects were requested to reduce calorie intake and increase physical activity. Methods of lifestyle modification were subsequently discussed with each specialist.
A trained nurse conducted the behavioral modification therapy. Behavioral therapy involved the following: (1) recognition of unhealthy dietary habits (late-night meals, eating between meals, excess alcohol consumption, absence of breakfast and so on) based on their questionnaire; (2) record keeping of body weight, waist circumference and physical activity; (3) stimulus control (that is, attention to antecedents of eating that promote excessive intake); (4) smoking cessation, if applicable. Each subject was requested to reduce 5% of his or her body weight over the first 2 months. The daily reduction in calorie intake and increase in physical activity required to achieve the set goal were discussed further with a dietician and an exercise trainer.
A dietician provided advice on how to achieve the reduction in calorie intake and modify dietary lifestyle. The cause of chronic increase in calorie intake varies among individuals. General attention was paid to (1) intake of three regular meals, (2) avoiding late-night food and eating between meals, (3) reducing lipid intake, (4) reducing salt intake, (5) increasing vegetable intake, (6) reducing alcohol intake and (7) ensuring sufficient intake of vitamins, minerals and other necessary nutrients based on the results of the questionnaire and face-to-face interview. Subjects who frequently take business trips received advice on how to choose a low calorie menu during business trips. Considering the above attentions, daily energy intake was rearranged so as to eliminate about 300-600 kcal from the current status.
Finally, subjects were encouraged to increase physical activity to reduce fat volume. The exercise trainer examined each subject's physical condition and also conducted an ergometer test in several facilities to determine the safety level of daily exercise based on the cardiopulmonary responses to exercise. The goal of increased physical activity was at least 30 min of moderate physical activity a day at least 5 days a week. At the start of the study, the individual amount of physical activity was discussed with an exercise trainer and individual advice was given as to how to increase daily physical activity (walking, cycling, jogging, swimming and so on) and goals were set. Patients were advised to gradually increase their level of physical activity to avoid bone and joint damage. The total amount of increased physical activity per week corresponded to about 10 exercises, which is the recommended level of physical activity to ameliorate metabolic syndrome. 11 
Randomization
After the first guidance session, subjects were assigned to either the single guidance group or the multiple guidance group. Randomization was conducted according to the allocation sequence that was generated by the study-coordinating center and had been sent to each study center beforehand.
Subjects assigned to the multiple guidance group visited each center every 2 months and received a re-evaluation of body weight, waist circumference and body composition. If a subject's target body weight was not achieved at each visit, the cause was evaluated by an interview conducted by a trained nurse, dietician and exercise trainer, and corrected advice was presented to the subject. Subjects who successfully achieved target body weight were well appreciated and were encouraged to continue to make an effort to achieve next goal weight. Subjects who reached ideal body weight, that is, body mass index of 22 kg m À2 were requested to maintain the weight level.
Subjects assigned to the single guidance group were requested to practice the weight reduction program on their own at the same 5% loss rate every 2 months.
Outcome measures
Outcome measures were body weight, waist circumference and metabolic syndrome components, that is, blood pressures, lipid and glucose profiles. Arterial stiffness as assessed by the baPWV was also evaluated. These markers were studied in each subject at baseline and 6 months after the first guidance session. This study was approved by the ethics committees of all the Rosai Hospitals participating in this study. Written informed consent was obtained from all subjects.
Statistical analysis
Data were expressed as mean (s.d.). Differences between the groups at baseline were studied with an unpaired t-test, or Mann-Whitney test for continuous variables according to the distribution of the data. Plasma triglyceride concentration, aspartate aminotransferase, alanine aminotransferase and g-glutamyl transpeptidase (g-GT) were studied by Mann-Whitney test and other variables were studied by t-test. Categorical variable was examined by w 2 analysis. The treatment effect was examined by paired t-test or Wilcoxon test. Comparison of the changes in each parameter between the single guidance and the multiple guidance groups was done by analysis of covariance. As higher baseline value tended to show greater reduction in response to intervention for each parameter, we adjusted the baseline value. All statistical analyses were performed with commercially available software (JMP version 5.0 for Windows, SAS Institute, Cary, NC, USA). A value of Po0.05 was considered statistically significant.
RESULTS
Seven subjects from each of the two groups dropped out of the study due to transfer of their work place. Finally, 50 subjects of the single guidance group and 45 of the multiple guidance group received posttreatment assessment after 6 months.
Lifestyle guidance for metabolic syndrome M Munakata et al Table 1 shows the baseline data of the single guidance and the multiple guidance groups. Neither parameter differed between them. Table 2 demonstrates the effects of single guidance on body composition, blood pressure and biochemical variables. Body weight, waist circumference and body mass index were significantly reduced 6 months after single guidance as compared with baseline condition (Po0.0001, Po0.005 and Po0.0001, respectively). Single guidance significantly improved liver functions, as well as reduced triglyceride concentration (Po0.01) and HbA1c (Po0.005). High-density lipoprotein concentration increased as compared with baseline data (Po0.05), but low-density lipoprotein (LDL) concentration remained unchanged. Table 3 shows the effects of multiple guidance on body composition, blood pressure and biochemical variables. The trends observed in the multiple guidance group were similar to those of the single guidance group. Systolic blood pressure, baPWV and fasting blood sugar concentration were significantly lowered in the multiple guidance group (Po0.05, Po0.05 and Po0.0001, respectively). Table 4 compares the change in each parameter between the single guidance and the multiple guidance groups after adjustment of the baseline value. The reduction in waist circumference was greater in the multiple guidance group than in the single guidance group (À4.8 (5.6) vs. À1.9 (5.7) cm, P¼0.02). The percent reduction in body weight tended to be greater in the multiple guidance group than in the single guidance group, although this difference did not reach a statistically significant level (À5.1 vs. À3.1%, P¼0.08). In total, 17 out of 45 subjects completed multiple guidance (37.7%) and 10 out of 50 subjects completed single guidance (20%) achieved 45% body weight reduction (P¼0.075). The g-GT (À24.4 (23.4) vs. À14.5 (24.0) IU l À1 , P¼0.03) and fasting blood sugar concentration (À9.0 (14.0) vs. À2.5 (14.1) mg dl À1 , P¼0.03) were more greatly reduced in the multiple guidance group than in the single guidance group. Figure 1 shows the percentage of normoglycemia, impaired fasting glucose and DM before and after guidance in each group. The cutoff values for impaired fasting glucose and DM were 110 and 126 mg dl À1 , respectively. The frequency of DM decreased from 8 (18%) to 3 (6%) in the multiple guidance group, while this frequency increased from 7 (14%) to 8 (16%) in the single guidance group. The frequency of impaired fasting glucose decreased from 20 (40%) to 11 (22%) in the single guidance group and 11 (24%) to 8 (18%) in the multiple guidance group, respectively. Changes in other parameters did not differ between the two groups.
DISCUSSION
The Japanese government started a new health care strategy in 2008, in which patients with the metabolic syndrome are obligated to receive repeated lifestyle guidance after an annual health examination. In this new health care system, people diagnosed with metabolic syndrome are given repeated counselling in addition to basic individualized lifestyle guidance. However, it remains unclear whether such repeated counselling adds further merit to single session of individualized guidance. To address this issue, we compared the health effects between a group of patients with metabolic syndrome who received a single highly individualized lifestyle guidance and a group of patients with metabolic syndrome who was given further repeated counselling.
Both the single guidance and the multiple guidance approaches offered in this study significantly reduced body weight and waist circumference and lowered triglyceride concentration and HbA1c level. Liver functions also significantly improved in both groups. However, reductions in waist circumference, fasting blood glucose concentration and g-GT were more markedly reduced in the multiple guidance group than in the single guidance group. These data showed that repeated guidance further improved the health effects of limited, highly individualized lifestyle guidance in patients with metabolic syndrome.
It has been well confirmed by large clinical trials such as the Finnish Diabetes Prevention Study or the Diabetes Prevention Program that individualized lifestyle modification reduces the risk of DM in obese patients. 2, 3 However, most of those studies compared one group who received highly individualized guidance and one group who received general guidance. The former group was in many cases more frequently guided than the latter. So, the guidance was qualitatively and quantitatively different between the intensive lifestyle guidance group and the control group. Our study showed for the first time that the efficacy of single tailored lifestyle guidance is further improved by repeated follow-up counselling. In fact, the frequency of DM reduced from 18 to 6% in the multiple guidance group, while the frequency of DM slightly increased in the single guidance group (14 vs. 16%). Our data supports the Japanese government's strategy that legally requires metabolic syndrome patients to receive repeated lifestyle guidance.
Blood pressure remained unchanged although lipid and glucose metabolisms improved in the single guidance group. This means that the effect of weight loss on blood pressure appears to be less than on other components of metabolic syndrome. This is inconsistent with the previous report showing that even a small (2-3 kg) net weight reduction might be beneficial for the control of hypertension in obese subjects. 12 Greater weight loss may further reduce blood pressure and vascular load, because systolic blood pressure and baPWV were significantly lowered in the multiple guidance group. The reduction in the PWV means a softening of the arterial tree, possibly leading to the prevention of arterial damage. The percentage of body weight reduction in the single guidance and multiple guidance groups was 3 and 5%, respectively. Thus, we may need at least a 5% reduction in body weight for high blood pressure control as well as for improving arterial stiffness in metabolic syndrome. It has been reported that high blood pressure is a most common component of Japanese metabolic syndrome patients. 13, 14 Furthermore, Noda et al. 15 have shown in the Japan public health center-based study that high blood pressure is a most strong risk factor for cardiovascular events among metabolic syndrome components. We therefore, should establish lifestyle guidance, which focuses more on blood pressure control of patients with metabolic syndrome.
Another new finding of our study is that repeated guidance significantly reduced g-GT activity compared with single guidance. Although g-GT activity has been considered to be an index of hepatobiliary dysfunction and alcohol abuse, recent epidemiological and pathological studies have suggested its independent role in the pathogenesis and clinical evolution of cardiovascular disease. 16, 17 The prospective study by Ruttmann 18 of 163 944 Austrian adults studied for 17 years shows that g-GT is independently associated with cardiovascular mortality independent of all confounders, including liver function and alcohol use. This has been confirmed in both unselected populations and patients with ascertained coronary artery disease. 19, 20 The higher g-GT activity seen in metabolic syndrome may be attributable to many factors including alcohol abuse, insulin resistance, liver steatosis and some genetic factors. 17 We failed to clarify which mechanism was responsible for the greater reduction in g-GT activity in the multiple guidance group, but these data surely suggest that multiple guidance provides another better health effect than single guidance in metabolic syndrome.
LDL concentration, a well-known coronary risk factor, remained unchanged not only in the single guidance group but also in the multiple guidance group. This means that LDL metabolism is Lifestyle guidance for metabolic syndrome M Munakata et al minimally dependent on visceral fat accumulation. Our data are consistent with the previous report showing that LDL concentration remained unchanged even after significant body weight reduction in obese subjects. 2 Thus, lifestyle guidance for reducing LDL is not similar to that used for decreasing abdominal fat accumulation.
There are several limitations in this study. First, we failed to gather the anticipated number of subjects. This may have lowered the power to discriminate the health effects between the multiple guidance and the single guidance groups. In other words, this study might underestimate the efficacy of multiple guidance compared with single guidance. In fact, post hoc analysis has shown that the number needed to create the difference of body weight between the multiple guidance and the single guidance groups was 143 for each arm, which is very similar to our predicted number of 180 including a 20-30% attrition rate. 5 Yet, we found that waist circumference and fasting blood sugar concentration were significantly lowered in the multiple guidance group than in the single guidance group. These results support the notion that waist circumference is a more sensitive marker for change in visceral fat and glucose metabolism than body weight in metabolic syndrome. 21 Second, we did not evaluate the change in the quality of life, which is an important aspect for the maintenance of long-term behavioral changes. Third, the study period was only 6 months; thus, its long-term effects are unclear. Finally, we did not examine the cost effectiveness. To further confirm the rationality of repeated lifestyle guidance for metabolic syndrome, we must clarify if the cost for repeated lifestyle guidance is lower than the expected medical expenditure. The latter three are important issues that should be addressed in future.
In conclusion, our study showed that additional repeated counselling improved the antidiabetic effects of single individualized lifestyle guidance in metabolic syndrome. Our data supports the Japanese government's strategy that legally requires metabolic syndrome patients to receive repeated lifestyle guidance.
